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(54) BASE MATERIAL FOR PISTON AND PRODUCTION THEREOF 

(57)Abstract: 

PURPOSE: To provide a graphite-aluminum alloy composite series base material for piston 
and a manufacturing method thereof having light wt. and providing low thermal expansion and 
also excellent material strength characteristic. 

CONSTITUTION: This base material for piston is the graphite-aluminum series material 
dispersing the aluminum alloy in porous structure of isotropic graphite material and has the 
vol. ratio of the graphite possessed in this composite series material in the range of 60-95% 
and provides composition characteristic of <10% porosity of this material. In this method for 
manufacturing the base material for piston, the molten aluminum alloy is pressurized and 
impregnated to the isotropic graphite material having 5-40% porosity at >100kg/cm2 pressure. 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention is lightweight and relates to the material for pistons and its 
manufacture method of the internal combustion engine which combines low thermal -expansion nature 
and the outstanding quality-of-the-material intensity. 
[0002] 

[Description of the Prior Art] The aluminium alloy (JIS AC8A and A4032 grade) of the aluminum-Si 
system containing comparatively a lot of silicon components is lightweight, and since it has the low- 
fever expansion coefficient, it is used abundantly as a material for pistons of an internal combustion 
engine from the former. However, since the still severer performance grant for the reduction in mpg, a 
high increase in power, the reduction in noise, etc. is demanded of the piston member and the 
temperature and the rotational frequency in an engine increase in connection with this in recent years, 
for the piston material made from an aluminium alloy, correspondence is difficult in property. 
[0003] although it has the suitable peculiar property for the material for pistons of coefficient of thermal 
expansion of a graphite being small by low density, and there being lubricity and not producing an on- 
the-strength fall under an elevated temperature, the quality-of-the-material intensity itself is markedly 
boiled compared with a metallic material, and it has a fatal fault of a low For this reason, although there 
is no example applied to the material for pistons as a graphite simple substance, about a means to aim at 
an improvement of a piston performance, many researches are made by making it composite-ize with a 
metallic material using the peculiar property. 

[0004] There is the method (distributed casting) of making the molten metal of the aluminium alloy 
currently indicated by the method (powder sintering process) or JP,57-124564,A which mixes and 
sinters a graphite powder to aluminium alloy powder which is indicated by JP, 1-132736, A distribute a 
graphite powder, and casting in the typical multicomputer system which made the metallic material the 
aluminium alloy. However, its attention was not paid to these methods by the low-fever expansibility or 
the high temperature strength of a graphite by not setting it as the main purposes to give lubricity to the 
piston material of an aluminium alloy by addition of a graphite powder. Incidentally, the limitation of 
the graphite-powder addition in a powder sintering process is about 5 % of the weight, and it is 
impossible from the field of operation to distribute 30% of the weight or more of a graphite powder also 
in distributed casting, and in order to demonstrate low-fever expansibility peculiar to the above 
graphites, and high-temperature-strength nature, it runs short quantitatively. 

[0005] in order [ on the other hand, ] to suppress deformation by the thermal expansion and contraction 
of a piston to JP,62-294751,A and to improve intensity -- the substantia compacta or a porosity graphite 
annular Plastic solid — the piston made from an aluminium alloy -- ******** „ the piston for internal 
combustion engines of the multicomputer system which reinforces a part is proposed by things, and the 
sinking-in processing by the high pressure casting process is shown as an insert means however, this 
piston makes a graphite annular solid placed between specific parts as partial reinforcing materials, and 
the circumference is ******** j n an aluminium alloy since structure is presented, the amount of the 
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graphite which the subject of the quality of the material is a product made from an aluminium alloy to 
the last, and is occupied to a component is not a ratio to the extent that the low-fever expansibility and 
the high temperature strength of the whole piston are improved 
[0006] 

[Problem(s) to be Solved by the Invention] the result which repeated research many-sided about the 
quality-of-the-material conditions of the piston material which demonstrates an effective property 
peculiar to a graphite to the maximum extent, without this invention's raising the graphite ratio in a 
multicomputer system compared with the conventional technology, and spoiling quality-of-the-material 
intensity ~ the multicomputer system composition row of the graphite of the suitable range, and an 
aluminium alloy - a character is solved and it results in development 

[0007] That is, the purpose of this invention is lightweight and is in the place which is going to offer the 
material for pistons and its manufacture method of the graphite-aluminium alloy multicomputer system 
which combines low thermal-expansion nature and the outstanding quality-of-the-material strength 
property. 
[0008] 

[Means for Solving the Problem] the volume ratio of the graphite which the material for pistons of this 
invention for attaining the above-mentioned purpose is the multicomputer system quality of the material 
in which the aluminium alloy carried out distributed mediation at the pore in-house of isotropic graphite 
material, and is occupied in this multicomputer system quality of the material — 60 - 95% of range — it 
is -- and the porosity of the quality of the material — 10% or less of composition — it is characterized 
[ constitutional ] by having a character 

[0009] The isotropic graphite material which constitutes the piston material of this invention means the 
graphite material of the organization for which which mechanical, thermal, and electric property shows 
isotropy in all the directions of material, and usually points out what has the ratio (different direction 
ratio) of the maximum at the time of measuring a coefficient of thermal expansion, specific resistance, a 
mechanical strength, etc., and the minimum value in the range of 1.0-1.1. On the other hand, the thing of 
the composition in which alloy contents, such as copper, magnesium, manganese, nickel, silicon, and 
zinc, contain the aluminium alloy in at least one or more sorts and 0.2 - 13% of the weight of the range 
is compounded suitably. These multicomputer system quality of the materials need to be the gestalten 
with which the aluminium alloy carried out distributed mediation and was filled up into the pore in- 
house of isotropic graphite material precisely and stably, and the purpose of this invention is not attained 
with the structure where the graphite and the aluminium alloy were compounded by distribution, 
junction, or the insert. 

[0010] composition of such the multicomputer system quality of the material - the volume ratio of 60 - 
95% of range and an aluminium alloy having as a character the volume ratio of the graphite occupied in 
the quality of the material in 5 - 40% of range and being [ the porosity of the quality of the material / 
10% or less ] ** become the important requirements for this invention When it becomes impossible to 
raise a high temperature strength and 95% is exceeded, the compound function by the aluminium alloy 
is not demonstrated, but it becomes impossible to obtain quality-of-the-material intensity sufficient as a 
material for pistons, in the volume ratio of a graphite not falling 60% effectively [ lower ****, density, 
and coefficient of thermal expansion ]. Moreover, if distributed mediation of the aluminium alloy to the 
pore organization of isotropic graphite material is inadequate and the porosity of the quality of the 
material comes to exceed 10%, quality-of-the-material intensity comes to run short. Although desirable 
quality-of-the-material porosity is 0%, 10% can permit it. 

[001 1] the above-mentioned composition - the material for pistons equipped with a character can 
manufacture the molten metal of an aluminium alloy to the isotropic graphite material of 5 - 40% of 
porosity by the method of carrying out pressurization sinking in under a two or more 100 kg/cm pressure 

[0012] The reason for using the isotropic graphite material of 5 - 40% of porosity as a base material is 
that it becomes the indispensable requirements for holding the bulk density, coefficient of thermal 
expansion, and high temperature strength of the multicomputer system material from which the porosity 



http://www4. i pdl j po.go.j p/cgi -bin/tran_web_cgi_ejj e 



9/23/02 



Page 3 of 5 



of this range is finally obtained to the level suitable as a material for pistons. That is, sinking [ of the 
aluminium alloy to the pore in-house section ] in will not advance smoothly that base-material porosity 
is less than 5%, quality -of-the-material intensity declines, if another side and 40% are exceeded, the rate 
of impregnation of an aluminium alloy will become high too much, bulk density and coefficient of 
thermal expansion will rise, and the result to which a high temperature strength falls simultaneously is 
caused. 

[0013] The isotropic graphite material which has 5 - 40% of these porosity can be manufactured by 
controlling grain refining of an aggregated particle, a process condition, the conditions of graphitization, 
etc. in the method of back-baking-carbonizing and graphitization processing which fabricated the 
aggregated particle which pulverized the kneading object of a fines-like coke breeze and a tar pitch in 
the predetermined configuration by the rubber press. 

[0014] Pressurization sinking-in processing is immersed into the aluminum molten metal held in the 
isotropic graphite material used as a base material at 650-900 degrees C, and is performed at the process 
which gives a pressurization state using gas pressurization or a liquid-metal-forging means. Under the 
present circumstances, as for isotropic graphite material, it is desirable to process the configuration 
where the target piston was met beforehand and to preheat to an aluminium alloy molten metal and this 
temperature in a vacuum or inert gas atmosphere before being immersed. It becomes impossible to set 
the pressure at the time of sinking in as two or more 100 kg/cm, and for this to advance sinking in 
smoothly in lower **** pressurization. 

[0015] It pulls up from an aluminum molten metal, and cools, and the isotropic graphite material after 
sinking-in processing carries out cutting of the unnecessary aluminium alloy which adhered to the front 
face if needed, and obtains the material for pistons. 
[0016] 

[Function] the volume ratio of the graphite which the material for pistons of this invention is the 
multicomputer system quality of the material in which the aluminium alloy carried out distributed 
mediation at the pore in-house of isotropic graphite material, and is occupied in this multicomputer 
system quality of the material ~ 60 - 95% of range -- it is -- and the porosity of the quality of the 
material — 10% or less of composition -- it has a character Therefore, a composition subject is the 
isotropic graphite material used as a skeleton base material, and is presenting the composite construction 
by which was precise and homogeneous restoration was stably carried out so that an aluminium alloy 
might become 5 - 40% of volume ratio in the pore in-house section. In this multicomputer system, the 
isotropic graphite material by which skeleton formation is carried out fully demonstrates low density 
peculiar to the quality of the material, low-fever expansibility, and a high-temperature-strength property 
in 60 - 95% of volume-ratio range, and the aluminium alloy which carried out distributed mediation at 
the pore in-house functions in order to reinforce isotropic graphite material and to pull up quality-of-the- 
material intensity excellently. It acts in multiplication, and these performance grant functions have the 
quality-of-the-material [ which is required of the material for pistons ] intensity which was lightweight 
and was excellent with low thermal-expansion nature, and are given with firmly and sufficient balance 
of the performance of right sliding nature. 

[0017] Moreover, if the manufacture method of this invention is followed, it will become possible to 
produce industrially efficiently the material for pistons which equips the isotropic graphite material of 5 
- 40% of porosity with the above-mentioned highly efficient complex tissue according to the 
comparatively easy process of carrying out pressurization sinking in of the molten metal of an 
aluminium alloy. 
[0018] 

[Example] Hereafter, the example of this invention is explained as contrasted with the example of 
comparison. 

[0019] One to example 1 and example of comparison 2 1.85g [/cc ] bulk density and the isotropic 
graphite material [the Tokai Carbon Co., Ltd. make and G347] of 18.1% of porosity were processed 
with a diameter [ of 80mm ], and a length of 100mm in the shape of a pillar, and it considered as the 
base material. This base material was preheated at 700 degrees C in the vacuum, and it was immersed 
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into the molten metal of the aluminium alloy (AC8A) which carried out vacuum heating within the 
sealing system similarly, and was held at the temperature of 700 degrees C. Subsequently, argon gas was 
introduced in the system, the ambient-pressure force was gone up to 110 kg/cm2, and pressurization 
sinking-in processing was performed. The base material after sinking in was pulled up from the molten 
metal, it cooled, and the composite was obtained. The volume ratio of the graphite occupied to this 
composite was 81.9%. 

[0020] When the cross-section organization of the obtained composite was investigated, filling up with 
the aluminium alloy homogeneously to the interior of a pore organization was checked. The piece of a 
trial with a diameter [ of 10mm ] and a length of 60mm (five pieces) is started from the length direction 
and the direction of a path of this material, and they are bulk density and porosity with the Archimedes 
method Si02 The coefficient of thermal expansion (50-300 degrees C) was measured with the 
comparison method, respectively. Moreover, ordinary temperature and hot (350-degree-C o'clock) 
flexural strength were measured by the three-point bending method of span 50mm and test-period 0.5 
mm/min. Those results were shown in Table 1. In addition, it carried jointly in Table 1 also about the 
property of the isotropic graphite material (example 1 of comparison) used for the base material for 
comparison, and aluminium alloy material (example 2 of comparison). 
[0021] 
[Table 1] 
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[0022] From the result of Table 1, the multicomputer system quality of the material by the example has 
a relatively low coefficient of thermal expansion in a bulk density row compared with aluminum alloy, 
compared with the graphite base material and aluminum alloy, the good property of the balance ordinary 
temperature and whose elevated-temperature flexural strength improved sharply is shown, and the 
performance requirements required of the material for pistons are fulfilled. 

[0023] The isotropic graphite material from which three to examples 2-6 and example of comparison 5 
bulk density, porosity, etc. differ was made into the base material, the flow and pressure requirement 
was changed, sinking-in processing by the same aluminium alloy molten metal as an example 1 was 
carried out, and the material for pistons of the multicomputer system from which the graphite volume 
ratio and porosity which are occupied in the quality of the material are different was manufactured. 
Various properties were measured like the example 1 per [ which was obtained ] each compound 
material, and the result was made to contrast with a graphite volume ratio and quality-of-the-material 
porosity, and was shown in Table 2. 
[0024] 
[Table 2] 
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[0025] composition of Table 2 to this invention -- in the examples 3-5 of comparison which separate 
from the limited requirements for this invention in the examples 2-5 with which a character is filled 
although the compound property which has the ordinary temperature and elevated-temperature flexural 
strength which were lightweight and were excellent with the low coefficient of thermal expansion was 
shown, the decrement result incongruent as a material for pistons was accepted in one of compound 
properties 

[0026] The isotropic graphite material (the diameter of 80mm, a length of 100mm) from which 
examples 6-9, the example 6 of comparison - 10 base-material porosity differ was preheated in 
temperature of 650 degrees C in argon gas atmosphere, it set to metal mold, the 800-degree C 
aluminium alloy (AC8A) was poured in immediately, and the base material was immersed, 
subsequently, metal mold ~ giving the pressure of 500 kg/cm2 to punch, it held for 2 minutes and 
cooled After carrying out cutting removal of the excessive aluminium alloy adhering to the front face of 
the obtained composite, various properties were measured like the example 1. It was shown in drawing 1 
and drawing 2 by making the result into a graph. Drawing 1 is the related view of base-material porosity 
and a composite coefficient of thermal expansion, and drawing 2 is a related view with bulk density at 
the elevated-temperature flexural strength row of base-material porosity and a composite. 
[0027] From drawing 1 , in the range whose porosity of the used base material is 5 - 40%, although a 
coefficient of thermal expansion fixed as a composite property at lower order is obtained, if base- 
material porosity exceeds 40%, the inclination for a coefficient of thermal expansion to rise rapidly will 
be accepted. Moreover, the graph of drawing 2 was increasing in the range whose elevated-temperature 
flexural strength of a composite is 5 - 40% of base-material porosity, and although bulk density went up 
as base-material porosity became high, in the field whose base-material porosity is 5 - 40%, that it is in 
the lightweight range which can be permitted made it clear. 
[0028] 

[Effect of the Invention] It becomes it is lightweight and possible by making isotropic graphite material 
into a skeleton base material according to this invention, sinking in an aluminium alloy and forming the 
organization of a distributed multicomputer system as above, so that a specific volume ratio and specific 
porosity may be filled to this to offer the material for pistons which combines low thermal-expansion 
nature and the outstanding quality -of-the-material intensity. Therefore, it is very useful as a material for 
the internal combustion engine piston for heavy loads asked for performances, such as low mpg, high 
power, and low noise. 
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1. This document has been translated by computer. So the translation may not reflect the original 
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2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the volume ratio of the graphite which is the multicomputer system quality of the material in 
which the aluminium alloy carried out the distributed intervention at the pore in-house of isotropic 
graphite material, and is occupied in this multicomputer system quality of the material - 60 - 95% of 
range -- it is and the porosity of the quality of the material - 10% or less of composition the 
material for pistons characterized by having a character 

[Claim 2] The manufacture method of the material for pistons characterized by carrying out 
pressurization sinking in of the molten metal of an aluminium alloy under a two or more 100 kg/cm 
pressure at the isotropic graphite material of 5 - 40% of porosity. 



[Translation done.] 
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(54) BASE MATERIAL FOR PISTON AND 
PRODUCTION THEREOF 

(57) Abstract: 

PURPOSE: To provide a graphite-aluminum alloy 
composite series base material for piston and a 
manufacturing method thereof having tight wt. and 
providing low thermal expansion and also excellent 
material strength characteristic. 



aluminum alloy in porous structure of isotropic graphite 
material and has the vol. ratio of the graphite 
possessed in this composite series material in the range 
of 60-95% and provides composition characteristic 
of 210% porosity of this material. In this method for 
manufacturing the base material for piston, the molten 
aluminum alloy is pressurized and impregnated to the 
isotropic graphite material having 5-40% porosity 
at 3 100kg/cm 2 pressure. 



CONSTITUTION: This base material for piston is the 
graphite-aluminum series material dispersing the 



COPYRIGHT: (C)1993,JPO&Japio 



(19) B#®8ffrr (J-P) • (12)^ (a) ai)<mnmm^^ 



#W¥5-337630 

(43)&§1B ^fiSS^(1993) 12^21 B 



(si) int. ci. s mssM irpmm^ fi mtmrnm 

B2 2D 19/08 D 9266-4E 

17/00 C 8926-4E 
18/02 

19/00 L 9266-4E 
C 0 1 B 31/04 



(21)fflg§-S§- 


4$S¥4-172076 


(71)fcH®A 


000219576 










(22)tH®B 


^^4^(1992)6^58 












fall m 
















mi %. 














(74)-flSgA 





(54) &m<o%m ¥7>h>mmt&£v>®&jm 



(57) Ggft] 

$>\Z tS^-SH^O^gUt^i 6 0~9 5%C3i6BtC*0. 



(2) 

1 

®*££J&£m#&©#Slit#6 0-9 5Sg©ffiHfrJ& 

[19*^2] §C?L9S5~4 0S6©^ttJ&»tfK:. 7 
;P5^A-&£>©8»£ 1 0 Obs/cn? &JKDEE13T-VM 
flE^ST £ d <b fcfX h >JS3l#©8!jfcfr 

ft. 

[|g9i©i¥ia&S£9i] 
[0 0 0 1] 

L£f!IJt©fiJIB:»-»] &f£W\^ ISgTtev^JREtet 

-e©fii£2r8ct;iw-r-5„ 

[0 0 0 2] 

&««£«©S3SSj£#£-£tfA 1 - S i 
*07;P$Z'?^ (J IS AC8A> A4032 

j£a*ffiJi.t:i&:^XU£ < , 
[0 0 0 3] HM&te. te^ATSftSRl^/hS < . ®» 

>J8&#C^teE^©i#4tS-fltptX<A-5;&i. 

-£-© t> ©Ji^^Kifc^Xte&Klffi^ t U 5 ScfftWfc: 

[0 0 0 4] 3d^**£7^3=^A£&<i:UfcftS!W 
*Xti«j:5ft7;i'3:^9A^^£JIMMtelt£fl6 

bxs&srra^tfc m^zmmm sfctt#raps57-i245 

s a^o t!x h >m&iz®m&&$-z.2> it 

§s tut *>©x«:&^. b*c &3tctttt&c 
tzftmmmz&^Th 3 oss%£U:©ii»»**» 

[0 0 0 5] dtlt-^tU. #&1BB62 - 29475H?£^»::IJ 



&mW-5-3 3 7 6 3 0 

2 

K*»**#€»»«ft*»t»tbX^«Ea*. *"©« 
■ B7^^-9A^TM<«A/£4KB«aUXU«]fi& 
#«©£#«&< £X*>7;U5:^A-&&S!Xi&o 

[0 0 0 6] 

JtiXft&XC«tt«MttIt*£lC*. ttAtt&felMa 

3B#©«®&frKt30X^fi5fcOT&£S*afc*SJIi. » 
S£fcffiH©M»£ 7-^5 :^A-&&©«-&*fflj£& £ 
tttt£J*9!l'XBI?g££'3£:fe<Z>X&«. 

[0007] r *&m<D&m*. mm-v&^m 

V A -&£>«-&?&© V >m&tt& «fc tf-£-©SB£#8iS: 
[0 0 0 8] 

[sssr**-r-&fcae>©#g] ±£©stt£)ti*-rsfc 

#©*3gi53©fc?Xh ^*ttH»«©gt3Lffl 

ot, m£*#K*C-&tt«mtt©&8U£tf6 0~9 

5 % ©ffiBK* 0 » j5>o»ft©SHL3sai 1 0 %&TF0>& 

[0009] *am<D\£?.b>iiitt*mar*m&i3M 
m^B. »s©^iei^fet^xt8«e<j. m»« 

©a^Mtg/hfiwit <S#Jfc) 0-1. l©ffi 

HK.»-5fc©*Jfr. — t;us-^a^«. 

^©^^Wi'>S< it) 1 i£lt. 0. 2-1311 
% ©$5BX-£W 3 nT^SffljSO fc ©d^fiFaS $ tl 

5o cn^os^^sa. ^fen«&»©$c?Lffliart 
tc 7 ;u s - C7 a-&^a^^«e l. Tja^ -^^^ 5fc« 
$nfc^x$>-5i^s*jfeo. $H&. ^&*so^tt^< 

^.^lC«fcoXM?9t7JU3-^A^5:^3-&fc«l 
iSX«*^^©BWtt»£Sn^V^ 

[0 0 10] C0.!:3&*te*ttftG>&j£&R&LX. 
^©tts^tre&ft-smaw^it^e 0-9 5%©ffi 
H» 7^5^A^©^JtA^5~4 0%©ffiH(C* 
-SClt. ^«fct;«e©SC?l*AU 0%KTTS5^t. 

X.. ?SiSi3^S:lRl±Sl3--5CltAJX^^<^0. 95% 



(3) 

3 

»SUV^S^Hl^ttO%-e£fe-5dt, 10%S 
[0 0 11] ±E©ffl^«Sr«x-5fcfXh>^^tt 

l 0 0 kg/an' ^±CDjEE^TTtn£E^S-rs 
[0 0 1 2] S*rtUT^C?L^5~4 0%W^ttll«B 

o % jt-s t ^ i±-&&<d'£&&&& < ft o j& 

[0 0 13] #>j5>*a?L?iS5~4 0%Sr*-r*^ttm 

[0 0 14] JnflE^S^Ultt. 
S6 50-90 OTIC^SnitT^Sn^A^IS^fr 

&V>E.1l]Zl 0 0 kg/an' jELhCSljrr *j&3l***0, d 

[0015] •$&®m&<D&jj&mm*t\iT)V5.-o& 

[0 0 16] 

noL ^ttMn*\z&&zmf&v>mkVc&G o 

~9 5%©IBH(r*r). *^»®©SC?L^1 0 



5-337630 

4 

*lC*»tvr. #«^ja$nTV^^ttm»»«6 0~ 

9 5 %<z>«E&iti6B-e*t®B*r fi^J^itt^ 
[0017] *^o»i£*ffitrti£x^ §wis& 

5-40 as©^ttll»^KT;P5 

iz%s&&<tkmTz>z\t&°jm£ts.z>o 

[0 0 18] 

[0019] $mw i , vcMm 1 ~ 2 
mmm 1 . s 5 g/cc, gc?i^ is. 1 xn^temsttt 

l-%Mtt—&> <80 SS. G3 4 7] SriSS8 Omm. S 
$ 1 0 OnmCOHtttttCinXUTSMtUfe. 

st£f-?7 0 o'Cic^ifcu. mmzmm^-^M^tam 
LT7 0 o < ccD^(r^f$nfcT;v$^'>A^ (a 
c 8 a) ©ss+Ksaufc. t?t/i-e*(^{C7;Urf>^f 
XSrSAU. #H^UEE*S:1 1 Okg/ai J »r_h#UTinS 

#»Jtti, 8 1. 9%"C*ofc. 
[0 0 2 0] #e.nfe«-&«OBr®ffl«i^iSSEb&«i:C: 

a^^lBl^^itS 1 Oram. Omm©K>f (5<@) «; 

i O, t©JtfeffiT^JK5l»|!c (5 0-3 0 0-C),£-£- 

ti^nfffljeufc. sfc. x/^>5 0mni. saeys^o. 5 

mm/minC9 3^*^tC«kt)«ia*5±^iiiS (3 5 0*0 

(it*S:0iJl) t5«fc^7;U5^-?A-&*« (Jt«J0!12) O 
«H4lC^^Tt>* 1 K#M8Ufc. 
[0 0 2 1] 
[^1] 



3 7 6 3 0 

6 







(g/cc) 


sol* 

{%> 




SMKSffft 

(X10-/T) 




* a 






2.25 
2.26 


ao 
ao 


175 
178 


120 
118 


6.7 

6.5 


ttctm 

» 2 




1.85 
2.68 


10.5 

ao 


60 
410 


60 
58 


4.0 
20.4 



(4) 



[0 0 2 2] *lCE>ftiXfr£. IUS0yiri;*«-&**fS 

0, \ZXh>m&mzm$tt!tlZ>&§tmt1r*:mrclsTU 
[0 0 2 3] *6£fli2~6. tfctfe^ 3 — 5 



[0 0 2 4] 
Mc2] 



WTo. 


SUB© 


SHU* 

(X) 




Srff9ftS0iFa> 


( xio-/t:) 


(g/zc) 


ft & 


S & 


3£fttt2 
* 3 
» 4 
m 5 


60 
72 
84 
95 


0.0 
1.6 
0.3 
0.4 


2.43 
2.33 
2.31 
2.26 


283 
218 
230 
205 


108 
120 
124 
106 


7.2 
6.9 
6.4 
5.4 


ittfc«3 


70 


U.5 


2.34 


88 


73 


7.2 


* 4 


55 


0.0 


2.45 


290 


77 


LL 1 


» 5 


40 


12.0 


2.20 


175 


41 


13.8 



[0 0 2 5] *2»&. *^©fflJ5£tt««:SSfcTSIiS 

[0 0 2 6] SU£«I6~9. fcfc«E0lJ6~lO 
S#^?l$s©S&-5«:#teJM&*f (HCS8 0mm. ft£ 1 
0 Omni) &T)V3->ftxn&%'%>-ZG 5 CCOia^lt^- 
»!H4Il:tyhU iS^»C8 0 O'COZ^S^CA 

(AC 8 A) €aAUTS»&giSl/fe. 0<^T, 
^S/^>^(C 5 0 0 kg/cm' ©EE* S#4-L^*»e> 2#RH 

TBI 1 2 K^Uifc. 0 i \zmtfs.n&£&-£# 



[0 0 2 7] 0 1 j&> <=> tt. JB^JfcSttW^Gl^a* 5-4 

«ftai,%»c±#T*«faa*s«>'=>n-5. 02© 

^ 7fi«-&#CDiStaftl-f3SjE^SW^?LS 5 — 4 0 56 

ICt¥o T±#T 5 jPSttSHUfcP 5 - 4 0 % 
If ^ U it •& gSil It * -5 H £ a*¥U9! L fc. 
[0 0 2 8] 



(5) 



m&fk<D&% ^ b rz. if v y t tb z. 



ftmW- 5-337630 



8 



[0 2 ] ^mt)^m\z&%&M§S.Mi:&£itt<D& 



[02] 




20 40 60 




(51)Int.Cl. 6 ^S'Jf3# Jfl^SlSt FI fi^B^a^f 

F0 2F 3/00 3 0 2 Z 8503-3G 

F16J 1/01 7366-3 J 



